Control male rats (Group 5; p = 0.043) and TP-treated female rats in Groups 1 (p = 0.012) and 2 (p = 0.037), but not Group 3 (p > 0.05), had a significantly higher number of pyramidal neurons than control female rats (Group 4). The rats in Group 1 had the highest number of pyramidal neurons among the female rats.
I NTRO D U C TIO N
Gonadal steroids have important functions in all periods of life.
According to the literature, these hormones have crucial effects on brain development. (1) Oestrogen and testosterone are well known gonadal steroids that have different effects on brain development in the two genders. (2) (3) (4) As a result of these effects, brain maturation, behavioural characteristics and physical characteristics become specific to the two genders.
( [1] [2] [3] [4] Although the effect of hippocampal functions on cognition is not thoroughly explained even to this day, their relevance has been widely accepted since the beginning of the 20th century. (5) Previous studies have shown that prenatal manipulation of gonadal steroids can reverse gender differences in the hippocampus, a finding that correlates with behavioural tests performed on adult animals. (2) (3) (4) 6, 7) Some authors have established that the volume of the pyramidal cell layer and the neuronal morphology of the hippocampus are masculinised in female rats by perinatal and early postnatal administration of testosterone propionate (TP). (1, 7) Isgor and Sengelaub reported that male rats had larger CA1 and CA3 pyramidal cell field volumes and soma size than female rats. (3) They also showed that testosterone and dihydrotestosterone treatment leads to masculinisation in female rats, while flutamide treatment leads to feminisation in male rats. (3) Zhang et al showed that the number of bromodeoxyuridine positive cells in female rats were increased with TP and dihydrotestosterone treatment. (8) Xiao and Jordan reported a higher number of androgen receptors and hippocampal CA1 pyramidal cells in the left hemisphere than in the right, but only in gonadally intact male rats, and in female rats given TP. (9) All these studies indicate that experimental hormonal manipulations of laboratory rodents alter not only the functions but also the number of neurons.
Stereological methods provide more reliable data than semiquantitative methods in the estimation of the total number of neurons. West et al developed the optical fractionator, a method that combines an optical dissector and a systematic uniform sampling scheme fractionator. (10) In our study, the optical fractionator was preferred for estimating the total number of pyramidal neurons since the method is more useful and easier to perform than other stereological methods, such as the physical dissector. (10, 11) These keystone studies guided our hypothesis and led to the current experiment.
There is insufficient information about the time-related effects of perinatally administered androgens on the total number of pyramidal neurons in the hippocampus. In this study, we hypothesised that long-term androgen treatment during the perinatal period in female rats would increase the number of pyramidal neurons in the hippocampus more effectively than short-term androgen treatment. To test this hypothesis, TP was administered to female rats during the prenatal and early
Effect of testosterone propionate on hippocampal pyramidal neuron number in female rats
INTRODUCTION
The hippocampus is an important region of the brain that regulates cognitive and emotional functions.
In this study, we examined the impact of perinatal administration of testosterone propionate (TP) on the number of pyramidal neurons in the CA1 and CA3 regions of the hippocampi of female rats.
METHODS
Five groups of rats were used in this study. Three groups of female rats were administered TP in either both the prenatal and the postnatal periods (Group 1), only the prenatal period (Group 2) or only the postnatal period (Group 3). The other two groups of rats included control females (Group 4) and control males (Group 5). The rats were sacrificed on postnatal Day 120 and their brains were analysed for hippocampal pyramidal neuron number using stereological methods.
postnatal periods. The left brain hemispheres of all rats were selected for the estimation of hippocampal pyramidal neuron numbers, following which the total number of pyramidal neurons in the hippocampal CA1, CA2 and CA3 regions of the rats were estimated using the optical fractionator method. following which the pups were randomly assigned to five groups after birth (Table I ). The day of birth was marked as postnatal Day 0.
M E TH O DS
The two groups of female pups whose dams had been treated with TP were assigned to receive either 100 μg TP in 0.1 mL sesame oil (Group 1) or 0.1 mL pure sesame oil defined according to the literature, (13, 14) and the distance between the upper and lower surfaces of the sections was measured using a microcator in every dissector sample. (10, 11) The optical fractionator method was used for counting pyramidal neurons in the hippocampus. The estimated intra-animal coefficient of error for the estimated total number of pyramidal neurons and the observed inter-animal coefficient of variation were calculated in accordance with the methodology outlined by West et al (10) and Hosseini-Sharifabad and Nyengaard. (14) Volume shrinkage was not taken into consideration for calculating the total number of pyramidal neurons. All data were collected from the left hemispheres as a higher number of androgen receptors and hippocampal CA1 pyramidal cells have been reported to be present in the left hemisphere. (9) Variables were analysed using one-way analysis of variance (ANOVA) followed by Tukey post-hoc test.
RESULTS
The dams' mean weight on gestation Day 16 was 290 ± 12 g in the TP-treated group (n = 6) and 284 ± 11 g in the sesame oil-treated group (n = 6) (p > 0.05). The mean birth weights of the pups whose dams were treated with TP was 7.8 ± 0.2 g, while that of those whose dams were treated with sesame oil was 8.2 ± 0.8 g (p > 0.05). The mean body weights of the rats in Groups 1-5 were measured before sacrifice, and the data are presented in Table II ANOVA: analysis of variance; CE: estimated intra-animal coefficient of error for the estimated total number of pyramidal neurons; CV: observed inter-animal coefficient of variation; SD: standard deviation 
DISCUSSION
Our results indicate that perinatal TP administration caused masculinisation in female rats, as previously reported. (15) Demissie et al (15) reported that prenatally androgenised rats exhibited significantly increased body weight, and the findings of our study concur. We found statistically significant differences between the mean body weights of rats on postnatal Day 120, although such differences were not observed at birth. Although the anabolic effect of androgens is well known, it may be worth investigating how TP treatment during the early stages of life affects body weight in the later stages.
Current data indicates that there are significant differences in the morphology, volume and number of pyramidal neurons in the hippocampal CA1, CA2 and CA3 regions in wild-type adult rat brains between different genders, with male rats showing a higher number of pyramidal neuron and neuronal dendrite than females. (3, 8, 15, 16) It has also been reported that exposure to TP in the perinatal period significantly reverses such gender differences in the pyramidal neuron layer of the hippocampi of female or castrated male rats. (3, 16) In our study, treatment with TP during the prenatal and postnatal periods or only in the prenatal period significantly changed the number of hippocampal pyramidal neurons in female rats. Postnatal TP treatment, however, did not produce statistically significant effects. These findings are in disagreement with the Isgor and Sengelaub study, which suggested that continuous treatment with TP in the late prenatal and early postnatal periods are 
The optical fractionator, which was the preferred method in the current study, allows for the estimation of the total number of pyramidal neurons without taking into consideration the volume of the pyramidal cell layer. (10) Furthermore, in our study, the estimations of total number of pyramidal neurons were made for comparison between the various groups rather than for the exploration of the exact number of total pyramidal neurons.
While it is possible to investigate hippocampal pyramidal neuron numbers using various counting and quantification methods -all of which have underlying assumptions and principles (19) -we chose the optical fractionator in our study. However, we do not claim that the optical fractionator is the best option for estimating total cell numbers.
In summary, we found gender-based differences in the total number of pyramidal neurons in the hippocampi of male and female rats, with male rats showing a higher number of pyramidal neurons. This difference was also observed between female rat groups treated with TP and control rats, with perinatal TP treatment having an augmenting effect on the number of pyramidal neurons in the hippocampus. Continuous treatment with TP in the prenatal and early postnatal periods in female rats was more effective than administration in only the prenatal or postnatal periods. More studies will need to be conducted to shed light on the mechanisms by which testosterone produces such effects on hippocampal pyramidal neuron numbers.
